The mechanical properties of Cadmium telluride (CdTe) nanowire have become focus of interest now-a-days due to its promising application in opto-electro-mechanical nanodevices. In this study, molecular dynamics simulations have been used to investigate the mechanical behavior Finally, the impact of strain rate on [111]-oriented ZB CdTe NWs is also studied where higher fracture strengths and strains at a higher strain rates have been found under both tension and compression. With increasing the strain rate, the number of voids is also increased in the NWs. This study will help to design CdTe NWs based devices efficiently by presenting in-depth understanding of failure behavior of the [111]-oriented CdTe NWs.
1.Introduction
Semiconductor nanowires (NWs) are one of the most basic elements of future electromechanical devices. Directed growth of semiconductor nanowires has important effect on its different properties and has attracted scientific interest in recent years as an important promoter of nanotechnology. While mechanical properties of semiconductor nanowires are of immense importance as they work as building blocks for developing MEMS and NEMS systems. These properties can be utilized to produce effective and functional devices [1] [2] [3] [4] . The recent rapid growing scientific and technological interest on CdTe arises from its special physical properties, i.e. its mechanical, chemical and thermal stability. Moreover, CdTe is a promising semiconductor material for electronic and optical devices [5] [6] [7] [8] . As a group II-VI semiconductor material, CdTe has a direct band gap of 1.5 eV at room temperature [9] , which makes it a perfect and ideal material candidate for high-efficiency solar cells [10] . While, CdTe NWs are promising material candidate for applications in high-performance photodetectors, field effect transistors and solar cells [11, 12] .
NWs are suitable for studying the fundamental deformation mechanisms of semiconductor materials. Meanwhile, the nanostructure materials are more suitable to carry the tensile and compressive load due to its enhanced mechanical properties than the traditional bulk counterpart [13] [14] [15] . For the purpose of designing and fabricating NW-based photo-mechanical devices it is important to describe and predict the mechanical behavior of different NWs.
Mechanical properties of semiconducting NWs were studied by tensile tests [13, 16, 17] , compression tests [18, 19] and bending test [20] [21] [22] in many in situ studies. Recently, molecular dynamics (MD) simulations is widely used to investigate not only the mechanical behavior but also fracture mechanisms of various NWs along with experimental and in situ studies [23] [24] [25] .Temperature, diameter, and strain rate-dependent mechanical behavior under tension for Si NWs were investigated successfully by Kang and Cai using molecular dynamics [26] . Remarkable phenomena like shear failure and cleavage failure of Si NWs were explained in that investigation.
Tsuzuki et al. [27] showed the failure mechanism of SiC NWs under both tensile and compressive loading. Here, it was found that ZB SiC NWs displays complex plasticity before failure while wurtzite SiC NWs is brittle in nature. Furthermore, Cheng et al. [28] had reported the fracture strength due to the size dependency of SiC NWs. It was found by pial et al. that the direction of cleavage planes of ZB InP NWs change with temperature under tension while investigating the mechanical behavior of InP NWs [29] . The mechanical behavior of many other semiconductor NWs, such as Ge [30] , GaN [31] and ZnO [32] were also investigated successfully with MD simulations .
However, there is hardly any research on mechanical properties of CdTe NWs by simulations.
Although the applicability of CdTe NWs requires in-depth knowledge of their mechanical properties and failure behavior, the number of experimental investigations is inadequate.
Moreover, the failure behavior of CdTe NWs has yet to be discussed. Keeping this scope in mind, this paper presents atomistic simulation results of CdTe NWs under uniaxial tensile and compressive load. The effects of crystal orientation, temperature, size, and strain rate on the mechanical properties of are also investigated. Moreover, failure mechanisms under different conditions are elucidated to explain the failure behavior of the CdTe NWs.
2.Methodology
The uniaxial tension and compression simulations are performed for CdTe nanowire and only compression simulations are performed on nanopillar to check how ZB CdTe behaves under compression. MD simulations for characterizing mechanical behavior of CdTe nanowire is carried out using LAMMPS [33] software package and OVITO [34] is used for visualization of atomistic deformation processes. The SW (Stillinger-Weber ) [35] CdTe has a zinc blende (ZB) structure having lattice constant of 6.48 A˚ [36] . The NWs models are prepared by first creating a rectangular box of ZB CdTe with lattice constant a = 6.48 Å and later nanowires of specified diameter is cut from it with the help of atomsk tool [37] . The Before applying tensile and compressive load, the system energy is minimized using conjugate gradient algorithm. A constant integration time step of 1 fs is considered which is quite good for all the simulations. Before applying tensile and compressive load, constant NVE is performed for 10 ps. Then isothermal-isobaric (NPT) ensemble is applied for pressure equilibration at atmospheric pressure and prescribed temperature for 50 ps. Finally, the system is thermally equilibrated by canonical (NVT) ensemble for 50 ps. In order to control the temperature, a NoseHoover thermostat is employed in these steps. To equilibrate various state variables, the timesteps mentioned are chosen by trial and error for NVE, NPT and NVT simulation. Finally, the nanowire and nanopillar are deformed along their axis at a fixed strain rate of 10⁹ s⁻¹. This strain rate was successfully applied to predict the result in many tension and compression based MD simulations [38] [39] [40] . Both tensile and compressive test are conducted under NVT ensemble using a Nose-Hoover thermostat and carried out until the failure.
The simulation box is deformed uniaxially to calculate the atomic stress for obtaining stress-strain behavior. In our simulations, the atomic stresses are calculated using Virial stress theorem [38] . The equation of stress stands as
where the summation is done over all the atoms occupying the total volume, the mass of atom is represented by and displacement by ̇. The relative position vector of atom is , the cross product is ⨂ and the interatomic force applied on atom i by atom j is .
3.Method validation
To validate the SW (Stillinger-Weber) potential employed in this study, the Young's modulus of [111]-oriented nanowires, lattice constants, and the cohesive energy of bulk CdTe are calculated. For Young's modulus a nanowire having diameter of 6nm at 100K is considered while for lattice constant and cohesive energy a cube of 2.592 nm × 2.592 nm × 2.592 nm of bulk CdTe is used. In this Study, Young's modulus is calculated from the stress-strain graphs using linear regression. Data obtained from the present study and data from the available literatures are presented in Table 2 
Results and Discussion

Effects of Temperature and Size
The stress-strain curve of [111]-oriented 4nm CdTe NWs under uniaxial tension and compression at strain rate 10⁹ s⁻¹ is shown in Fig. 2(a) for different temperatures. It is observed from the Fig. 2(a) that at 100K, the ultimate strength is about 7.7GPa with a failure strain of about 20.1% in case of tension while for compression the ultimate strength is about 3.01GPa with a failure strain of about 7.1%. Sharp fall of stress in Fig. 2(a) indicates brittle type failure of the material. It is also observed that as the temperature is increased from 100K to 600K, the fracture strength decreases from 7.7 GPa to 4.3 GPa in case of tension while for compression it decreases from 3.01 GPa to 1.6 GPa. This type of softening behavior at higher temperature is also observed for nanowires of other sizes in this study. maintain the constant length to width ratio of 10:1. Here, the applied strain is 10⁹ s⁻¹ and the temperature is 100K. It is observed from the graph that all of the stress-strain curves for tension follow almost the same path until fracture under tension. However, for the length of nanowires used, the results show that in compression, the stress-strain curve largely depends on the diameter of the NWs. The larger the diameter, the larger the strength and elastic modulus have been observed. Similar kind of size dependent behavior for SiC was also found in the literature [27] .
The variation of ultimate strength with temperature and size, in case of tension in Fig. 3 that it reduces at a slower rate. At low temperatures, the structure behaves like perfect crystal that leads to this behavior. CdTe, it is the lowest. In case of tension, the flow stress is showing very little variation while in case of compression, the fluctuation can be observed significant due to the activation of several cross-slip system in the material.
Effects of crystal orientation
Failure Mechanism
The [111]-oriented ZB CdTe NWs in the present study fails by creating void in direction regardless of temperature and NW size. In Fig. 6 , the failure phenomenon of the nanowire with diameter of 6 nm is shown at 300K temperature with the aid of construct surface mesh (CSM).
At 15.74% strain, a void is initiated at NW surface which is marked with a red square in Fig. 6(a) .
It is found that loading in z direction causes very little plasticity in the nanowire and the fracture happens in a short strain region, from 15.74% to 16.71%. It is observed that the bonds are broken in direction and void which is created due to bond breaking propagates in [10-1] direction not reported for Zinc Blende structure in previous literature, as illustrated in Fig. 6 .
To understand failure mechanism profoundly, atomic arrangement analysis of [111]-oriented ZB
CdTe NWs is used which is shown in Fig 7. Breaking bonds along [10-1] direction requires high amount of energy because of its shorter bond gaps. Therefore, bond breaking is not seen in this direction. On the other hand, along direction gap between bonds is greater. Therefore, it would take less energy to break bonds along direction. Bond breaking is a gradual process and it passes from one layer to another layer. When breaking of bonds in one layer is completed, bond breaking in another layer is initiated. So, in this way void propagates in direction (see exhibits mechanical behavior that is different than that of tension. For a strain rate of -10⁹ s⁻¹ the The red marked region indicates the location of defects formation as a result of buckling.
structure deforms and buckles and eventually fractures the nanowire which is shown in Fig. 8 .
Similar results have been obtained for NWs of other diameters also.
Effects of Strain rates
Finally, the influence of strain rate on the mechanical properties of CdTe NWs is depicted in Fig. 9 . to homogeneous amorphization. This behavior is illustrated in Fig. 11 . At the low strain rate of 10⁹ s⁻¹, the nanowires develop a single buckling that leads to fracture of the nanowire. However, at the intermediate rate of 10¹⁰ s⁻¹, multiple buckling is generated along the NWs accompanied by irreversible plastic deformations, as illustrated in Fig. 11(b) . At the highest compressive strain rate of 10¹¹ s⁻¹ NW is homogeneously amorphized. This behavior is consistent with some previous studies for different nanowires [27] .
5.Conclusion
In controlled by bond length, atomic spacing and electrostatic forces. Finally, it is observed that with increasing the strain rate, both the ultimate strength and strain increase. The failure mechanism for low to high strain rates are also elucidated. This investigation provides a comprehensive understanding on temperature, size, crystal orientation, and strain rate dependent mechanical properties and fracture phenomenon of ZB CdTe NWs which has enumerable application in NEMS/MEMS.
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